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A B S T R A C T
Several polyesters were synthesized from ethylene glycol, glycerol and adipate, succinate dimethyl esters.
Immobilized Candida antarctica lipase B was used as catalyst for 6 h under vacuum at 70 °C without any further
solvents. The highest conversion rate of 88.5% occurred for the polymerization of poly(ethylene adipate),
evaluated by 1H NMR. MALDI-TOF analysis indicated that most of the oligomers formed were dimers or trimers.
After successfully synthesize the polyesters we set-up the optimal conditions for their in-situ coating onto cotton
substrates with a soluble lipase from Thermomyces lanuginosus. This work presents a novel bio-approach to
impart hydrophobic properties to coated cotton-based ﬁbre materials.
1. Introduction
Synthesis of complex and well-deﬁned polymers is required to meet
the environmentally friendly concept of green chemistry and of the
sustainable chemical industry [1]. Therefore, enzymatic polymeriza-
tion, especially the lipase-catalyzed synthesis of aliphatic polyesters,
has been promptly developed as an important synthetic technique of
polymerization. [2,3]. The enzymatic polymerization presents several
advantages when compared with conventional routes, such as mild
reaction conditions, wide-range substrate speciﬁcity, high control of
enantio-, chemo-, and region-selectivity, few by-products and high
catalytic activity [4,5]. Most of the known aliphatic polyesters can be
regarded as biobased polymers [6,7] as the majority of the starting
reactants can be obtained from biomass feedstock. Aliphatic polyesters
have superior biodegradability, biocompatibility and probable bior-
esorbability, and can be applied to diverse potential ﬁelds like textiles
manufacturing [5,8], food packaging as well as biomedical and phar-
maceutical ﬁelds [5,9–12]. The enzymatic polymerization of aliphatic
polyesters has been considered therefore as a promising alternative to
the traditional chemical polymerization.
Lipases (triacylglycerol ester hydrolases, E.C. 3.1.1.3) can catalyze
both hydrolytic and synthetic reactions in nature. These properties
allow them to be employed in a variety of biochemical reactions, in-
cluding acidolysis, aminolysis, alcoholysis when in an aqueous solution,
esteriﬁcation, transesteriﬁcation and acylation when in non-aqueous
media [13,14]. Based on these speciﬁc properties, lipases are widely
applied as bio-catalysts in the textile ﬁeld [8], food manufacture [15],
biomedical and pharmaceutical industry [16], and energy (biodiesel)
production [17,18]. Lipases can also be described as bio-catalysts for
various organic solvents [19] and emulsions [20]. However, a better
polymerization process can be achieved by using a solvent-free enzy-
matic system without further complex puriﬁcation process [21,22].
Hydrophobic cellulosic materials are highly demanded considering
their speciﬁc water-repellent properties. It imparts to the materials a
series of excellent functional performances such as hydrophobicity, self-
cleaning, antifouling, and friction reduction [8,23,24]. Cotton cellulose
holds remarkable advantages when used as substrate for the production
of hydrophobic materials. Its biodegradability and unique physical,
chemical and mechanical properties are superior to the traditional non-
renewable materials [24,25]. The conventional hydrophobic modiﬁca-
tion of cotton involves the surface modiﬁcation using diﬀerent hydro-
phobic compounds, such as ﬂuorocarbons [26], silicones [27] and hy-
drocarbons [23]. Nevertheless, these methods have certain
shortcomings related with sustainability and environmental concerns,
which in turns urgent to ﬁnd ecologically greener alternatives [25].
Our previous works reported the lipase-catalyzed synthesis of poly
(ethylene glutarate) and the production of hydrophobic cotton by in situ
lipase-catalyzed coating with poly(ethylene glutarate) [8,28]. The
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results obtained reveal high synthesis conversion levels when im-
mobilized CALB was used. Based on this assumption, the new polyesters
were herein produced from the starting reactants ethylene glycol, gly-
cerol and adipate and succinate dimethyl esters, without addition of
solvents. The reactions were catalyzed by immobilized Candida ant-
arctica lipase B (CALB) for 6 h at 70 °C under vacuum. After the suc-
cessful production of polyesters, we set-up the optimal conditions for
their in situ coating onto cotton fabrics. Mass restrains, due to the use of
a solid enzyme and a solid support (cotton fabric), lead us to replace the
immobilized enzyme by a liquid catalyst from Thermomyces lanuginosus.
An orthogonal experimental design was performed to set-up the op-
timum conditions for the hydrophobic coating of cotton. The new
polyesters were analyzed by 1H NMR and MALDI-TOF spectrometry.
The hydrophobicity and the wettability of the coated cotton were
evaluated by water contact angle determination and bromophenol blue
water-drop test.
2. Material and methods
2.1. Materials
Fermase CALB™ 10,000, a commercial Candida antarctica lipase B
(CALB) immobilized on glycidyl methacrylate-ter-divinylbenzene-ter-
ethylene glycol dimethacrylate (particle size of 150–300 μm, pore vo-
lume of 1.32 cm3/g, bulk density of 0.54 g/cm3 and an activity of 8000
propyl laurate units) was received as a gift sample from Fermenta
Biotech Ltd., Mumbai, India. Lipase from Thermomyces lanuginosus with
an activity of over 100,000 U/g was acquired from Sigma-Aldrich,
Chemie GmbH., USA. Dimethyl adipate (purity≥ 99%) and dimethyl
succinate (purity 99%) were obtained from Adamas Reagent Co., Ltd,
China. Ethylene glycol (AR, purity≥ 99%), glycerol (AR,
purity≥ 99%), tetrahydrofuran (AR, purity≥ 99%), petroleum ether
(AR, 30 °C–60 °C), sodium sulfate anhydrous (AR, purity≥ 99%) and
methylene blue trihydrate (BS) were purchased from Sinopharm
Chemical Reagent Co., Ltd., Shanghai, China. Whatman® Filter paper
was obtained fromWhatman Wohua Co., Ltd., Hangzhou, China. All the
chemicals and enzymes were used directly without any further mod-
iﬁcation.
The bleached cotton fabric (40s× 40 s/524×283 (ends× picks)
and 124 gm−2) was purchased from Huafang Limited Company,
Binzhou City, Shandong Province.
The rotary vacuum evaporator (Vac) (model RV 10 D S73, IKA
Works Guangzhou Co., Ltd, Guangzhou, China) equipped with water
bath and temperature controller was used in all the reactions. During
the experiments, the vacuum bath was operated at 100 rpm.
2.2. CALB-catalyzed synthesis of polyesters
Poly(ethylene adipate), poly(ethylene succinate), poly(glycerol
adipate) and poly(glycerol succinate) were synthesized using ethylene
glycol, glycerol, and adipate and succinate dimethyl esters as starting
reactants. The reactions were performed for 6 h at 70 °C under vacuum
using immobilized CALB as catalyst (1% (w/v)). The reaction schemes
for polyester synthesis are depicted in Table 1. The starting reactants
for each scheme are, Scheme A’: equimolar ratio of ethylene glycol and
dimethyl adipate; Scheme B’: equimolar ratio of ethylene glycol and
dimethyl succinate; Scheme C’: equimolar ratio of glycerol and di-
methyl adipate; Scheme D’: equimolar ratio of glycerol and dimethyl
succinate. The total volume of the reaction mixture was 2mL without
addition of solvents.
2.3. Puriﬁcation of the synthesized polyesters
The puriﬁcation of the synthesized polyesters took place by adding
3mL of tetrahydrofuran (for Reaction Scheme A’ and B’) and 3mL of
methanol (for Reaction Scheme C’ and D’) to the mixture, to dissolve
the residual reagents and the synthesized polyesters. Then, the solutions
were ﬁltered out using Whatman ﬁlter paper, to separate the granular
enzyme (CALB) from the reaction products. After evaporating all the
tetrahydrofuran/methanol, a mixture of tetrahydrofuran and petroleum
ether in the proportion of 1:14 was added. The mixture was kept at
−20 °C overnight to precipitate the synthesized polyesters. The mixture
of polyesters and a slight amount of residual reagents were then col-
lected, after evaporation of the petroleum ether and methanol/tetra-
hydrofuran. Finally, the collected products were lyophilized and ana-
lyzed by 1H NMR and MALDI-TOF [5,28].
2.4. “In situ” enzymatic coating of cotton fabrics with polyesters:
experimental design
The bleached cotton fabrics were pre-washed for 1 h with distilled
water at 50 °C, dried at room temperature and then kept in a standard
atmosphere for at least 48 h prior to the experiments. The preparation
of the starting reactants for each reaction scheme is shown in Table 2.
Lipase from Thermomyces lanuginosus in liquid state was used for the
enzymatic cotton coating. For each scheme, cotton samples
(500 ± 0.5mg) were evenly soaked with the corresponding prepared
reaction mixture using round bottom ﬂasks. The reactions were carried
out in a rotary vacuum evaporator for 6 h at 70 °C. The control was
conducted under the same conditions but using deactivated enzyme. All
experiments were done in triplicate. After enzymatic coating, all the
cotton samples were washed twice with tetrahydrofuran (for Scheme A0
and B0) and methanol (for Scheme C0 and D0) to remove the remaining
reactants at the surface of cotton fabrics and the soluble lipase. After-
wards all the samples were kept inside an extractor hood at room
temperature for 8 h until the complete solvent evaporation.
An orthogonal experiment L9 (3× 3) design was carried out to
explore the optimum conditions to enzymatically coat “in situ” the
cotton fabrics imparting them a hydrophobic behavior. The tempera-
ture, enzyme loading and reaction time were chosen as factors. The
contact angle was considered as the index. There were considered three
levels for each factor basing on the single-factor experiment (Table 3).
The experimental design for each reaction scheme was shown in the
supplementary material section (Table S6–Table S9).
2.5. 1H NMR and MALDI-TOF mass spectra of the synthesized polyesters
The reaction products were dissolved in 500 μL of deuterated di-
methyl sulfoxide (DMSO-d6). The 1H NMR spectra were recorded using
a Bruker Advance III 400 NMR spectrometer (Bruker Corporation,
Germany), 400MHz at 25 °C. Matrix assisted laser desorption ionization
time of ﬂight (MALDI-TOF) mass spectra of the reaction products were
obtained by using a microﬂex LT MALDI-TOF mass spectrometry
(Bruker Daltonics GmbH, Germany) equipped with a 337-nm nitrogen
laser. The saturated matrix α-Cyano-4-hydroxy cinnamic acid (HCCA)
was prepared in a solution of 30% acetonitrile and 0.1% Triﬂuoroacetic
acid (TFA) in ultra pure water. The samples were prepared in tetra-
hydrofuran (for Scheme A’ and B’)/methanol (for Scheme C’ and D’).
And then the matrix HCCA was mixed with samples (v/v, 1:1). A vo-
lume of 1 μL of each sample/matrix mixture was deposited on a po-
lished steel target plate (Bruker part n° 8280800) and then allowed to
dry at room temperature in air. The dried sample spots were analyzed
by the positive-ion method of RP300-4000 in the reﬂective mode.
2.6. Calculation of the average polymerization degree of synthesized
polyesters
The average degree of polymerization of synthesized polyesters was
acquired from the MALDI-TOF mass spectra. For each reaction scheme,
we consider three possible diﬀerent polyesters with diﬀerent type of
end groups like ester and alcohol. All of the possible chemical structures
for the formed polyesters are depicted in Table S1 in supplementary
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materials. The molecular weight of the synthesized polyesters is cal-
culated according to the molecular weight of the repeat units and the
degree of polymerization. The formula for calculation of the molecular
weight for each polyester is presented in the supplementary materials
section (Table S2–Table S5).
The equation used for the calculation of the average degree of
polymerization for each reaction scheme is as follows (Eq. (1)) [5].
⎜ ⎟= ⎛
⎝
× ⎞
⎠
Intensity of each peak
Sum of intensity of all peaks
Average degree of polymerization
SUM Number of repeat units *
(1)
*The sum of relative intensities should be one.
2.7. Water contact angle and bromophenol blue water-drop tests of coated
cotton fabrics
The water contact angle of coated cotton samples was measured on
a Drop Shape Analyzer (DSA25, KRUSS GmbH, Germany) at room
temperature. All the samples were conditioned in a standard atmo-
sphere at room temperature (20 °C) and 65% of relative humidity for at
least 48 h prior to the testing. The contact angle was acquired by de-
positing ultra-pure water droplet of 10 μL on the surface of cotton
samples. All the measurements were made in triplicate [8].
For bromophenol test, colored water was pre-prepared by dissolving
a small amount of bromophenol blue dye in distilled water. A droplet of
5 μL of the blue water was dripped onto the surface of the modiﬁed
cotton fabrics to visually evaluate the hydrophobic behavior of the
coated cotton.
3. Results and discussion
3.1. MALDI-TOF mass spectra and 1H NMR spectra analysis of the
synthesized polyesters
CALB is not as eﬃcient as other lipases in hydrolyzing triglycerides;
however, it is highly stereospeciﬁc towards both ester hydrolysis and
synthesis, probably due to the limited space available in its hydro-
phobic pocket. In contrast with non-immobilized lipases it oﬀers several
advantages like recovery and recycling, choice of batch or continuous
process, rapid termination of the reactions, controlled product forma-
tion and easy removal from the reaction mixture [29]. Based on these
features and on previous data reported by us [28] new poly (ethylene
adipate), poly (ethylene succinate), poly (glycerol adipate) and poly
(glycerol succinate) were catalyzed by the immobilized CALB at 70 °C
for 6 h under vacuum.
For each polymerization scheme, one can predict diﬀerent possibi-
lities of polyester formation with diﬀerent end groups depending on the
starting reactants used (Table S1). One possibility is the formation of a
polyester with alcohol and ester as end groups, the other contemplates
both alcohols as end groups and ﬁnally other with both esters as end
groups. The average polymerization degree of the new polyesters was
calculated using the weighted mean (See Eq. (1)). The conversion rate
of each polymerization reaction was calculated based on the 1H NMR
spectra according to the peak variations of the characteristic functional
groups (See Eq. (2)).
Table 1
Reaction schemes for polyester synthesis catalyzed by immobilized CALB (1% w/v) for 6 h at 70 °C under vacuum.
Schemes Reaction schemes
A’
B’
C’
D’
Table 2
Reaction mixtures used for the “in situ” enzymatic cotton coating.
Reaction
schemes
Reactant 1 Reactant 2 Enzyme
A0-Poly
(ethylene
adipate)
Lipase from
Thermomyces
lanuginosus (% of
the weight of
cotton fabrics, v/
w)
B0-Poly
(ethylene
succi-
nate)
C0-Poly
(glycerol
adipate)
D0-Poly
(glycerol
succi-
nate)
Table 3
Levels/factors in the orthogonal experiment.
Level Temperature (A) (°C) Enzyme loading (B) (% v/
w)
Reaction time (C) (h)
1 35 35 4
2 45 50 6
3 55 65 8
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=
+
×A
A A
Polymerization conversion rate 100%*1
1 0 (2)
*A0 represents the peak integration area of the functional group protons
in the remaining starting reagent in the reaction mixture; A1 represents
the peak integration area of the same functional group protons in the
synthesized polyester.
The conversion rate and the average degree of polymerization for
each reaction scheme are shown in Table 4. All the NMR spectra and the
MALDI-TOF mass spectra are exhibited in supplementary materials
(Fig. S1–Fig. S8).
From 1H NMR data presented in Table 4, the polymerization con-
version rate of poly(ethylene adipate) (Scheme A’) was twice higher
than that of poly(ethylene succinate) (Scheme B’). This can be attrib-
uted to the alkyl chain length selectivity of lipases, which presented
higher activity towards long alkyl chain substrate, dimethyl adipate,
than towards dimethyl succinate [30,31]. 1H NMR data of poly(ethy-
lene adipate) (Scheme A’) (Fig. S1) shows the decrease of the signal
intensity of the protons of ethylene glycol (at δH 3.36 ppm) and the
appearance of a new peak corresponding to the same protons in the
polymer at δH 4.21 ppm. The peaks corresponding to the terminal unit
of ethylene glycol (in a form of a triplet instead of singlet) are also
detected by NMR, conﬁrming the synthesis of the new polymer. For
Scheme B’ the 1H NMR presents the same behavior (Fig. S2).
The conjugation eﬀect of the adipate and succinate dimethyl esters
can both inﬂuence negatively the enzymatic polymerization reactions
[32]. However, dimethyl adipate reacted more easily than dimethyl
succinate maybe due to its lower polarity. The weakened conjugation
eﬀect endowed a less stability of the ester bonds being, dimethyl adi-
pate more easily captured by the active site of lipase, subsequently
becoming the reactive intermediate by protonation or ionization
[32,33].
From comparison of the conversion rates of Table 4 one can es-
tablish that the polymerization from ethylene glycol (Scheme A’ and
Scheme B’) seemed to be more prone to react than those from glycerol
(Scheme C’ and Scheme D’). The polarity of ethylene glycol is lower
than that of glycerol, which contributed to the easy combination of
ethylene glycol with the active site of lipase [32]. 1H NMR spectra of
both poly (glycerol adipate) and poly (glycerol succinate) present the
decrease of the signal intensity of the protons of glycerol (between δH
3.3–3.5 ppm) and the appearance of new peaks corresponding to the
same protons in the new polymers at (between δH 3.8–5 ppm). The
conversion rate of poly (glycerol succinate) is much lower than poly
(glycerol adipate) which can be conﬁrmed by the large amount of un-
reacted glycerol (between δH 3.3–3.5 ppm) (Figs. S3 and S4).
It can also be highlighted that CALB predominantly catalyzed the
polymerization of oligomers with low average polymerization degree
(DP), conﬁrmed by MALDI-TOF mass spectra. Form all the oligomers
synthesized, the ones containing ester and alcohol as end groups pre-
sented the highest average DP (i.e. nae in Table 4) on account of the
equivalent molar ratio of reactants in the reaction systems.
Previous studies related with polyester synthesis reported high va-
lues of polymerization degree and conversion rate. However the reac-
tions involved the use of organic solvents or were assisted by ultra-
sounds [28,34]. Our study is thus a step forward for the enzymatic
synthesis of polyesters in the absence of organic solvents.
3.2. “In situ” coating of cotton with the synthesized polyesters
The “in situ” coating of cotton with the new polyesters was per-
formed using liquid lipase from Thermomyces lanuginosus as catalysts,
under vacuum [28,35] and considering the reaction conditions ex-
empliﬁed in Fig. 1. As mentioned in the introduction section, it was
imperative to replace the enzyme in the solid form by a liquid one. The
adsorption of the immobilized catalyst onto the cotton support would
lead to lower conversion rates due to the activity reduction. Moreover,
since an heterogeneous support is used, the mass transfer phenomena
Table 4
Polymerization conversion rates and average polymerization degree of the synthesized
polyesters.
Schemes Conversion rate of
polymerization reaction (by
1H NMR mass spectra (%)) 1
Average degree of polymerization
of polyesters (by MALDI-TOF mass
spectra) 1
nae1 naa1 nee1
A’-Poly(ethylene
adipate)
86.96 2.16 2.44 1.52
B’-Poly(ethylene
succinate)
43.48 2.60 2.10 2.22
C’-Poly(glycerol
adipate)
35.10 2.58 2.09 1.22
D’-Poly(glycerol
succinate)
6.1 2.45 2.40 1.77
1 nae represents the average degree of polymerization of polyester with alcohol and
ester as end groups; naa represents the average degree of polymerization of polyester with
alcohols as end groups; nee represents the average degree of polymerization of polyester
with esters as end groups.
Fig. 1. Schematic representation of the in situ coating of cotton with poly(ethylene adipate).
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hindrance would be intensiﬁed by the use a solid catalyst.
An orthogonal experimental design L9 (3×3) was exploited to ﬁnd
the optimum conditions for the cotton surface coating. Three factors
including temperature (A), enzyme loading (B) and reaction time (C)
were considered and the index was the contact angle. The orthogonal
experimental design and the results obtained for each reaction scheme
are shown in the supplementary material section (Table S5–Table S8).
The water contact angle of the coated cotton fabrics was measured
using a Drop Shape Analyzer (DSA25, KRUSS GmbH, Germany) at room
temperature. The best experimental conditions for each reaction
scheme and the corresponding water contact angle are all displayed in
Table 5. The water contact angles for the related control reactions with
inactive enzyme and the original cotton were all zero degree, and for
this reason are not shown in Table 5. The weight of cotton before and
after coating was recorded, and the values were considered for the
calculation of the coating yield (Table 5).
The optimum conditions obtained for the in situ coating of cotton by
orthogonal design are diﬀerent depending on the starting reactants.
They vary in terms of vacuum (6–8 h), amount of enzyme (35–50%) and
temperature (35–45 °C) and gave rise to diﬀerent hydrophobicity per-
formance. The water contact angle values of the coated samples were
all higher than that obtained for cotton previously coated with poly
(ethylene glutarate) (127.01°) [8] with exception of cotton coated with
poly(ethylene adipate) (Reaction Scheme A0). The water repellency was
remarkably improved using the conditions described herein. The
coating yield for each reaction scheme varied from 2.5% to 4.6%, but is
not directly related with the ﬁnal water contact angle values. The ﬁnal
water repellency will depend not only on the amount of polymer at the
surface of the cotton fabric but also on the homogeneity of the coating.
For the in situ coating with poly(ethylene succinate) (Reaction
Scheme B0) the optimal conditions established were: 55 °C under 8 h of
vacuum with 35% (v/w) of soluble lipase. This scheme revealed the
highest water contact angle after coating, 136.89° ± 2.76° and a
coating yield of 3.01%. In this case, the temperature played the most
important role for the in situ enzymatic synthesis of poly(ethylene
succinate) by the orthogonal experiment analysis. The temperature
promoted the opening of the ﬁbre structure, incrementing the amount
of polyester deposited at the surface of cotton, which resulted in a more
hydrophobic surface. In all cases, the liquid state of the reactant sub-
strates and the lipase seems also to favor the adsorption to the cotton
ﬁbres beneﬁting the in-situ polymerization of the polyesters and their
attachment to the surface.
It is noteworthy that the time of vacuum can be decreased in 2 h as
well as the temperature of reaction (Reaction Scheme D0) for poly
(glycerol succinate). The results of water contact angle are still high
(132.40° ± 1.80°) even with a lower coating yield (2.51%) when
compared with the scheme B0. The reduction of the reaction time
showed a great impact on the in situ polymerization of cotton, however
obtained with a higher enzyme dosage.
Overall the in situ enzymatic polymerization of hydrophobic oligo-
mers impart to cotton surface excellent hydrophobicity. In all the cases
tested, the samples acquired a hydrophobic behavior.
The bromophenol blue water-drop test was used to provide a vi-
sualized proof of the hydrophobic behavior of the coated cotton sam-
ples (Fig. 2). From the results obtained after drop-testing, it can be
observed that all coated cotton samples could hold the blue water-drop
for at least 10 s without any absorption. Samples A0 and B0 retained the
water drop intact for at least 50 s., demonstrating clear hydrophobic
behavior, meanwhile samples C0 and D0 presented slightly diﬀerent
Table 5
The optimum reaction conditions and contact angle for each reaction scheme according to
the orthogonal experimental design results1.
Reaction scheme The optimum
conditions
Contact angle (°) Contact angle image
A0-Poly(ethylene
adipate)
C3B2A2-Vac 8 h,
50% (v/w) lipase,
45 °C
111.99 (± 3.61)
B0-Poly(ethylene
succinate)
A3C3B1-55 °C, Vac
8 h, 35% (v/w)
lipase
136.89 (± 2.76)
C0-Poly(glycerol
adipate)
C3B2A2-Vac 8 h,
50% (v/w) lipase,
45 °C
130.05 (± 4.98)
D0-Poly(glycerol
succinate)
C2B2A1-Vac 6 h,
50% (v/w) lipase,
35 °C
132.40 (± 1.80)
The numbers 1, 2 and 3 represent the levels for each factor (See Table 3); the order of the
three factors A, B, C describe the decreasing inﬂuence degree of the factors on the water
contact angle.
Fig. 2. Bromophenol blue water-drop test of the coated cotton samples; the time period that one blue water-drop (5 μL) fully permeated the coated cotton samples was: A0-Poly(ethylene
adipate): 110 s.; B0-Poly(ethylene succinate): 110 s., C0-Poly(glycerol adipate): 120 s.; and D0-Poly(glycerol succinate): 50 s.; control samples for A0, B0, C0, D0, were performed using the
same conditions using deactivated lipase. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article).
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behavior, being detected some absorption from 30 s. of exposure, being
totally absorbed after 50 s. on sample D0. In this case, a higher water
contact angle did not correspond exactly to a higher time of water
absorption. The wetting behavior could be, in this case, inﬂuenced by
the lack of coating homogeneity with the new synthesized polyester. As
previously described by NMR evaluation, the conversion rate of this
new polyester was low, which might inﬂuence the ﬁnal cotton coating
and consequently the ﬁnal hydrophobicity of the samples.
The fastness to washing of the coated samples can be predicted as
high regarding the washing steps performed after coating. The samples
suﬀer two washing cycles with organic solvents in which all the content
on starting reactants and enzyme are removed. The remaining products,
which confer hydrophobic behavior to the surfaces, give us an indica-
tion of further fastness resistance. Being hydrophobic, these polymers
are not expected to be easily washed-out.
4. Conclusions
Poly(ethylene adipate), poly(ethylene succinate), poly(glycerol
adipate) and poly(glycerol succinate) were successfully synthesized at
70 °C for 6 h under vacuum. The reactions were catalyzed by the im-
mobilized CALB in the absence of solvents being the highest conversion
obtained for the synthesis of poly(ethylene adipate) (88.5%).
Oligomers, mostly dimers and trimers, were detected by MALDI-TOF
mass spectra. Hydrophobic cotton fabrics were obtained by in situ
synthesis of polyesters using soluble lipase from Thermomyces lanugi-
nosus as catalyst. After orthogonal processing optimization, it was
possible to produce cotton surfaces with hydrophobic behavior. The in
situ synthesis of poly(ethylene succinate) onto cotton surface impart the
highest values of water contact angle, also conﬁrmed by drop test
analysis.
The work developed presents a new bio-approach to obtain hydro-
phobic cotton surfaces with potential for several applications like tex-
tiles, construction, among others.
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